Abstract Multiple studies have identiWed FTO gene variants associated with measures of adiposity in Europeanderived populations. The objective of the study was to determine whether FTO variants were associated with adiposity, including visceral and subcutaneous adipose tissue (VAT, SAT), and glucose homeostasis measures in the Insulin Resistance Atherosclerosis Family Study (IRASFS). A total of 27 SNPs in FTO intron 1, including SNPs prominent in the literature (rs9939609, rs8050136, rs1121980, rs17817449, rs1421085, and rs3751812), were genotyped in 1,424 Hispanic Americans and 604 African Americans. Multiple SNPs were associated with BMI and SAT (P values ranging from 0.001 to 0.033), and trending or associated with waist circumference (P values ranging from 0.008 to 0.099) in the Hispanic Americans. No association was observed with VAT, illustrating that FTO variants are associated with overall fat mass instead of speciWc fat depots. For the glucose homeostasis measures, variants were associated with fasting insulin but, consistent with other studies, after BMI adjustment, no evidence of association remained. The lack of association of FTO SNPs with insulin sensitivity is consistent with the lack of association with VAT, since these traits are strongly correlated. In the African Americans, only rs8050136 and rs9939609 were associated with BMI and WAIST (P values of 0.011 and 0.034), and associated or trending towards association with SAT (P values of 0.038 and 0.058). These results conWrm that FTO variants are associated with adiposity measures, predisposing individuals to obesity by increasing overall fat mass in Hispanic Americans and to a lesser degree in African Americans.
Introduction
Recently, Frayling et al. (2007) found ten SNPs within the Wrst intron of the fat mass and obesity associated (FTO) gene to be associated with increased body mass index (BMI) in United Kingdom populations of the Wellcome Trust Case Control Consortium (WTCCC). In other studies focusing on Caucasian European cohorts, association of common variants, characterized by strong linkage disequilibrium in FTO intron 1, has been observed with increased fat mass in both children and adults (Dina et al. 2007; Scott et al. 2007; Scuteri et al. 2007 ). For example, Scuteri et al. (2007) were able to replicate the association of rs9930506 with BMI, hip circumference, and weight in Sardinians and Hispanic American families of the GenNet study. In addition, association of FTO SNPs with BMI have replicated in several other studies, mainly focusing on the common variants rs9939609 and rs8050136 in Europeans (Andreasen et al. 2008; Hinney et al. 2007; Pascoe et al. 2007; Peeters et al. 2008) and a Japanese population (Omori et al. 2008) . However, these results were not replicated in a diVerent Japanese population (Horikoshi et al. 2007 ) and other ethnicities such as Chinese and Oceanic populations (Ohashi et al. 2007) . Several of these studies have assessed the eVects of FTO variants on quantitative traits such as insulin sensitivity (Andreasen et al. 2008; Do et al. 2008; Jacobsson et al. 2008; Pascoe et al. 2007) , and visceral and subcutaneous fat area (Haupt et al. 2008; Peeters et al. 2008) in Europeans. To date, no other studies have systematically investigated FTO with adipose tissue distribution [i.e., visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT)] and measures of glucose homeostasis [i.e., insulin sensitivity (S I ), acute insulin response (AIR), disposition index (DI)] in US minority populations. The Insulin Resistance Atherosclerosis Family Study (IRASFS) is an ideal population for such a study. The goal of this project was to replicate the historical association seen with FTO SNPs in US minority populations, to determine whether variants aVected diVerential fat distribution (i.e. placement in the visceral or subcutaneous depot), and investigate if SNPs aVected glucose homeostasis measures.
Methods

Recruitment
The study design, recruitment, and phenotyping in the IRASFS have been previously described in detail (Henkin et al. 2003) . The IRASFS is a family based multi-center study whose aim is to determine the genetic components of glucose homeostasis and adiposity in Hispanic Americans and African Americans. Enrollment in the study was based on large family size rather than phenotypes. Individuals were recruited from San Antonio, TX (urban Hispanics), San Luis Valley, CO (rural Hispanics), and Los Angeles, CA (African Americans). This report focused on 90 Hispanic American families (n = 1,424 subjects) and 42 African American families (n = 604 subjects). Clinical examinations included a frequently sampled intravenous glucose tolerance test (FSIGT), anthropometric measures (height, weight, waist and hip circumference), and abdominal CT scanning.
Adiposity and glucose homeostasis phenotypes
The IRASFS data set contains detailed quantitative measures of adiposity and glucose homeostasis. Measures of BMI (kg/m 2 ) were calculated from the height and weight measures obtained from clinical examinations. Waist circumference (WAIST, cm) was measured using a metric tape measure and consisted of the circumference of the body between the tenth rib and the iliac crest. Waist:hip ratio (WHR) was calculated by taking the ratio of WAIST over the hip circumference (maximum circumference of the buttocks). A CT scan was also performed in order to make precise measurements of abdominal fat distribution. This procedure uses a standard protocol acquiring two 10-mmthick axial images from the L2-L3 and L4-L5 vertebral levels after a single scout of the abdomen. The CT scans were sent to the Department of Radiology, Colorado Health Sciences Center for analysis to obtain VAT and SAT (cm 2 ) area measurements. Measures of VAT and SAT from the L2-L3 and L4-L5 levels were highly correlated. Therefore, in this study we have focused on measures made at the L4-L5 level to be consistent with previous IRASFS reports and the literature (Hayashi et al. 2003; Katsuki et al. 2003; Pouliot et al. 1992) . The visceral to subcutaneous ratio (VSR) was calculated using the ratio of VAT over SAT.
Measures of glucose homeostasis traits included fasting plasma glucose (GFAST), fasting plasma insulin (FINS), S I , AIR, and DI. Plasma glucose and insulin were assayed using standard procedures. Measures of S I were obtained using the FSIGT and minimal model analysis (MINMOD) software program (Pacini and Bergman 1986) . AIR was measured 8 min following glucose infusion as the mean insulin increment in plasma insulin concentration above the basal concentration. DI was calculated as the product of S I and AIR.
Genotyping
Genomic DNA was puriWed using PUREGENE DNA isolation kits (Gentra Inc., Minneapolis, MN, USA). Total genomic DNA was quantiWed using a Xuorometric assay provided by a Hoefer DyNA Quant 200 Xuorometer (Hoefer Pharmacia Biotech Inc., San Francisco, CA, USA). The DNA samples were diluted to a Wnal concentration of 5 ng/ L. FTO intron 1 variants in the region surrounding the SNPs associated with adiposity measures in the literature (60 kb region) were chosen using YRI HapMap (http://www. hapmap.org) tagSNPs with an r 2 threshold of 0.8 and minor allele frequency greater than 5%. Next, these HapMap tagSNPs were incorporated in the CEU HapMap tagSNPs in order to cover variation in Caucasians. Genotypes for 27 SNPs were ascertained using the iPlex MassARRAY SNP genotyping system (Sequenom Inc., San Diego, CA, USA), which utilizes mass tagging to diVerentiate between alleles (Buetow et al. 2001 ).
Statistical analysis FTO variants were tested for Mendelian inconsistencies using PedCheck (O'Connell and Weeks 1998) . Genotypes deviating from the pedigree structure were changed to missing. A set of unrelated individuals from the Hispanic (n = 228) and African American (n = 58) samples were used to calculate maximum likelihood estimates of allele frequencies, departures from Hardy-Weinberg equilibrium proportions, and LD statistics. Power calculations were performed to approximate the ability of the IRASFS Hispanic and African American cohorts to detect statistically signiWcant diVerences in phenotypic values when compared to a previous report by Scuteri et al. (2007) . These power estimates are approximate and calculated using the program QUANTO (Gauderman 2002 ), which does not account for within-family correlation.
Variants were tested for association with each quantitative phenotype using the variance component analysis in SOLAR (Almasy and Blangero 1998) . This analysis includes an overall test of genotypic association (i.e. two degree of freedom), and three models deWned by the a priori genetic models (i.e. additive, dominant, recessive). Familial correlation was accounted for using a kinship coeYcient matrix, where a correlation was calculated for each set of related pairs. This familial correlation was incorporated into a covariance-variance matrix used in the tests of signiWcance. Tests were computed by adjusting measures of adiposity and glucose homeostasis for age, gender, and recruitment center (San Antonio, TX, San Luis Valley, CO, Los Angeles, CA) and additionally for BMI. When necessary, quantitative traits were transformed to approximate the distributional assumptions of the test and to minimize heterogeneity of variance. EVect size was also calculated using the variance component model implemented in SOLAR. values with corresponding standard errors were calculated for standardized BMI, SAT, and WAIST for each SNP after adjustment for age, gender and center.
The quantitative pedigree disequilibrium test (QPDT) program was also used to analyze single SNPs and two, three, and four marker moving window haplotypes (Dudbridge 2003) . This assesses both single SNP and haplotype association. The variance component measured genotype method, as implemented in the program SOLAR, contrasts genotypic mean values across individuals while adjusting for the familial relationships. In contrast, the QPDT form allelic and haplotypic contrasts within a family; thus, the QPDT also accounts for family structure. The variance component model will be more powerful and the QPDT will be conservative while being more robust to population stratiWcation.
A three-stage approach was used to adjust for multiple comparisons. SpeciWcally, principle component (PC) analyses were performed to estimate the number of independent dimensions for each hypothesis while accounting for linkage disequilibrium and trait correlations. The number of estimated independent dimensions for each hypothesis was used to determine a more precise hypothesis-speciWc Bonferroni adjustment (Gao et al. 2008) . The Wrst stage identiWed SNPs with historical association in FTO intron 1. These SNPs were not adjusted because of the strong a priori hypothesis that FTO variants are associated with BMI and WAIST (Andreasen et al. 2008; Frayling et al. 2007; Hinney et al. 2007; Pascoe et al. 2007; Peeters et al. 2008; Scuteri et al. 2007 ). The second step computed a principal analysis on the other SNPs in the region to determine how many independent dimensions exist (i.e., accounting for linkage disequilibrium) and applied a Bonferroni adjustment based on the number of independent dimensions: one for each trait (i.e., BMI and WAIST). Given the correlation between BMI and WAIST, this will be slightly conservative. The third step was designed to estimate the number of independent dimensions in the other phenotypes (i.e., WHR, SAT, VAT, VSR, GFAST, FINS, S I , AIR, DI). This was then used to adjust: (1) the SNPs with historical association with BMI and WAIST and (2) all remaining SNPs.
Results
This study genotyped 27 SNPs in FTO intron 1 in 1,424 Hispanic Americans and 604 African Americans. These SNPs captured 77% of the variation in Yoruban and 85% of the variation in Caucasian data from HapMap at an r 2 threshold of 0.8. This intron 1 region has been the focus of most prior studies. The genotyping eYciency was 90-99% for all SNPs and none of the variants deviated from HardyWeinberg proportions. One SNP failed quality control (rs11861870) and was excluded from the rest of the analysis. Using the method of Gabriel et al. (2002) , these SNPs deWned four LD blocks in Hispanics ( Supplementary  Fig. 1 ). African Americans presented a diVerent pattern of LD with only two blocks ( Supplementary Fig. 2 ).
Descriptive statistics of each population are summarized in Table 1 . Both ethnicities were similar in age, had a higher proportion of females (59%), and have signiWcant proportions of overweight (33%) or obese (Hispanic: 37%, African American: 43%) individuals. Compared to the descriptive statistics of other studies investigating FTO in UK and European Caucasian adults and Finns (Scott et al. 2007) , the Hispanic and African Americans of the IRASFS had a higher proportion of females, were younger, and had comparable BMI measures. However, compared to French Canadians of the Quebec Family Study (Do et al. 2008 ) and other populations of European Caucasians (Dina et al. 2007; Pascoe et al. 2007 ), Hispanic and African Americans had comparable ages and female proportions, but had larger BMI values. Scuteri et al. (2007) reported eVect sizes for these SNPs in European Americans, Hispanic Americans, and African Americans. These ethnic-speciWc eVect sizes were used to estimate the power of the IRASFS cohorts. The Hispanic Americans had 72% power to detect 0.15 standard deviations for variants with an allele frequency of 20%. African Americans showed signiWcantly less power, with 2% power to detect 0.05 standard deviations assuming an allele frequency of 10%.
Hispanic Americans
Adiposity phenotypes
The results of the association analysis for FTO SNPs and adiposity traits focus on the best-Wtting additive model for Hispanic Americans, which are summarized in Table 2 . Ten SNPs, six of which are in high r 2 (denoted by ‡) and clustering in LD blocks 2 and 3 at the 3Ј end of intron 1, have signiWcant evidence of association with BMI (rs1108102, rs1421085 ‡ , rs11075986, rs1121980 ‡ , rs17817449 ‡ , rs8050136 ‡ , rs3751812 ‡ , rs9939609 ‡ , rs7199182, rs7204609; with P values ranging from 0.003 to 0.05). Five of these SNPs (rs9939609, rs1421085, rs17817449, rs3751812, 1121980) were previously shown to be associated with BMI in other studies mainly focusing on Caucasian populations (Dina et al. 2007; Frayling et al. 2007; Scuteri et al. 2007 ). Six SNPs were associated with WAIST, with three in high r 2 (rs1421085 ‡ , rs11075986, rs1121980 ‡ , rs3751812 ‡ , rs7199182, rs7204609; with P values ranging from 0.008 to 0.04), while two additional SNPs were trending towards association (rs9939609, rs1108102; with P values of 0.065 and 0.077). Associated SNPs clustered towards the 3Ј end of the intron, with all but rs7199182 and rs7204609 positioned in the LD block with SNPs prominent in the literature (i.e. rs9939609, rs8050136). Six SNPs grouped together in the second and third LD blocks were also associated with SAT (rs1421085 ‡ , rs1121980 ‡ , rs17817449 ‡ , rs8050136 ‡ , rs3751812 ‡ , rs9939609 ‡ , rs7199182; with P values ranging from 0.001 to 0.028). Overall, the variants associated with adiposity measures of BMI, WAIST, and SAT clustered in the second and third LD blocks in the middle and at the 3Ј end of intron 1 (Table 2, Supplementary Fig. 1 ). Using a principle component analysis to adjust for multiple comparisons, the associations with non-a priori SNPs were no longer signiWcant. The eVects of the most statistically signiWcant SNPs on adiposity phenotypes are depicted in Table 3 , while the rest of the SNPs are presented in Supplementary Table 1 . The minor allele for these SNPs, including all those prominent in the literature (SNPs denoted with asterisks), were associated with an increased BMI, SAT, and WAIST under the additive model. For example, individuals with one copy of the minor allele for rs9939609 and rs8050136 had a 0.3 kg/m 2 increase in BMI, while adding an additional allele increased BMI by another 1.3 and 1.7 kg/m 2 , respectively for each SNP. Individuals with one copy of the minor allele of the most associated SNP, rs3751812, had a 0.5 kg/m 2 increase in BMI, a 13 cm 2 increase in SAT, and a 0.4 cm increase in WAIST, while adding an additional minor allele increased BMI by 2.4 kg/m 2 , SAT by 59 cm 2 , and WAIST by 5.1 cm.
Adjusting the adiposity quantitative traits for BMI to evaluate the inXuence of FTO gene variants on fat distribution independent of overall body size resulted in the evidence for association with WAIST to disappear. However, three SNPs in moderate to high r 2 at the 5Ј end of intron 1 showed nominal evidence of association with WHR (rs8057044, rs17817449, rs8050136; with P values ranging from 0.018 to 0.042), while Wve additional SNPs in moderate to high r 2 showed trending towards association (rs1421085, rs10852521, rs1121980, rs3751812, rs8044769; with P values ranging from 0.064 to 0.071). All of these SNPs clustered in the same region where previous associations with adiposity measures of BMI, WAIST, and SAT were observed before BMI adjustment (Table 2, Supplementary  Fig. 1 ). Adjustment for multiple comparisons removed evidence of association with these SNPs.
Glucose homeostasis phenotypes
In addition, these SNPs were tested for association with glucose homeostasis phenotypes in Hispanic Americans (Supplementary Table 2 ). Several variants in moderate to high LD in the middle of intron 1 were associated with diVerent measures of glucose homeostasis in the initial analysis. Similar to other studies of FTO, when BMI is included as a covariate in the analysis to determine if the eVects of the FTO gene variants are independent of overall fat mass, much of the evidence for association disappeared (Table 4 ). There was, however, still some evidence for association of DI with rs4784323 modestly associated (P value of 0.03) along with four SNPs trending towards association (rs8047395 ‡ , rs10852521 ‡ , rs9940700, rs13334933; with P values ranging from 0.057 to 0.078). All of these SNPs clustered in the middle of the intron in LD block 2, except for rs9940700 and rs13334933, which were within LD block 1 at the 5Ј end of the intron. In addition, evidence of association with AIR towards the 5Ј end of the intron persisted (P values ranging from 0.009 to 0.021), along with one SNP trending towards association (rs10852521 with a P value of 0.056). These variants showed no evidence of association after multiple comparison adjustment.
Haplotype analysis
Haplotype analysis using QPDT gave broadly consistent association results in similar locations for the adiposity and glucose homeostasis traits (data not shown) with one, two, three, and/or four haplotype blocks and numerous SNPs suggesting trends (e.g. P value <0.08). Adiposity traits illustrated evidence of association with BMI, WAIST, WHR, SAT, and VAT (P values ranging from 0.011 to 0.077). After BMI adjustment, there was an increase in the evidence of association with WAIST and WHR (P values ranging from 0.003 to 0.08). Several glucose homeostasis phenotypes, such as FINS, S I , and AIR, also showed evidence of association (data not shown). In contrast to the SOLAR results, when adjusting for BMI, the evidence of association persisted, though modestly, in the QPDT analysis. After accounting for BMI, glucose homeostasis measures had similar evidence of association with FINS, S I , AIR, and DI (P values ranging from 0.012 to 0.08) in the 5Ј end of intron 1 as previously observed before BMI adjustment.
African Americans
The association results for the African Americans under the additive model were not as consistent as those observed for the Hispanics (data not shown). However, genotypic association analysis showed two SNPs prominent in the literature to be nominally associated with several adiposity measures (Supplementary Table 3 ). The variants rs8050136 and rs9939609 were associated with BMI (P values of 0.011 and 0.014), WAIST (P values of 0.017 and 0.034), and rs8050136 was additionally associated with SAT (P value of 0.038) with rs9939609 trending towards association (P value of 0.058). Evidence of association was strongest in the dominant model for BMI (P value of 0.003 for both SNPs), WAIST (P values of 0.006 and 0.011), and SAT (P value of 0.017 for both SNPs) (data not shown). Interestingly, the quantitative trait genotypic association also indicated that rs9939609 was marginally associated with DI (P value of 0.049), along with two additional SNPs in high r 2 at the 3Ј end of the intron (rs7204609, rs7199182; with P values of 0.016 and 0.039) (Supplementary Table 4 ). Association was strongest in the recessive model for rs9939609 (P value of 0.014), rs7199182 (P value of 0.012) and rs7204609 (P value of 0.005) (data not shown). (Gerken et al. 2007; Sanchez-Pulido and ndrade-Navarro 2007) . It is unknown that how this would play a role in obesity. Expression studies in mice and rats have also illustrated diVerential expression in brain centers that govern energy balance Stratigopoulos et al. 2008) . Recently, the association of FTO with obesity has been extended to additional ethnicities with mixed success (Al-Attar et al. 2008; Horikoshi et al. 2007; Hotta et al. 2008; Li et al. 2008; Ohashi et al. 2007; Omori et al. 2008) . This is the Wrst detailed study of FTO SNPs in US minority populations with sophisticated measures of adiposity. In Hispanic and African Americans of the IRASFS, 26 SNPs were analyzed with measures of adiposity and glucose homeostasis. These SNPs included variants prominent in the literature, rs9939609 ), rs8050136 (Scott et al. 2007; Zeggini et al. 2007) , and rs1121980, rs1421085, rs17817449, and rs3751812 (Dina et al. 2007 ).
Hispanic Americans
We observed that the LD structure of FTO intron 1 in Hispanics, which includes three haplotype blocks, is broadly consistent with the LD structure found in Caucasians. The SNPs prominent in the literature clustered in blocks 2 and 3, spanning the middle and 3Ј end of intron 1. The minor allele frequencies for these variants were lower in Hispanics (20-25%) when compared to previous reports in Caucasians (39-49%) (Dina et al. 2007; Frayling et al. 2007; Scott et al. 2007; Scuteri et al. 2007; Zeggini et al. 2007 ).
Adiposity phenotypes
In Hispanic Americans, we observed consistent evidence of association of BMI (P values ranging from 0.001 to 0.033) with the six SNPs prominent in the literature and several additional variants within LD blocks 2 and 3. These associations with BMI are consistent with results found in the original studies of European-derived populations (Dina et al. 2007; Frayling et al. 2007; Scuteri et al. 2007 ). Additionally, the study by Scuteri et al. (2007) found association of rs1421085 and rs3751812 with BMI in the European (n = 1,496) and Hispanic Americans (n = 839) of the GenNet study. The Hispanics in the GenNet study have comparable minor allele frequencies for these two SNPs (25 and 24%, respectively) to the IRASFS Hispanic American cohort (20% for each SNP). Other studies have also validated the association of rs9939609 in Europeans (Andreasen et al. 2008; Pascoe et al. 2007; Peeters et al. 2008) , US Caucasians (Hunt et al. 2008) , and Japanese (Omori et al. 2008) , rs8050136 in Japanese (Omori et al. 2008 ) and Germans (Haupt et al. 2008) , rs1421085 in Belgian Caucasians (Peeters et al. 2008 ) and French Canadians (Do et al. 2008) , and rs17817449 in French Canadians (Do et al. 2008 ) with BMI. The magnitude and direction of the eVects for BMI (0.102-0.16) are comparable to those which are seen in the literature (0.08-0.19) for European-derived populations (Dina et al. 2007; Frayling et al. 2007 ) as well as for the European and Hispanic Americans of the GenNet study (Scuteri et al. 2007 ).
Association with direct measures of adiposity: visceral and subcutaneous adipose tissue
A strength of the IRASFS is the availability of quantitative measures of visceral and subcutaneous fat derived from CT examinations. We observed association of SAT (P values ranging from 0.001 to 0.028) with the six SNPs prominent in the literature and additional SNPs in blocks 2 and 3 in LD with these variants. However, there was no evidence of association with VAT in our study. These results indicate that FTO variants aVect overall fat mass, and are not responsible for visceral placement of fat. Frayling et al. (2007) originally found rs9939609 to be strongly associated with measures of skin folds (biceps, triceps, subscapular, suprailiac, and mid-arm circumference), a surrogate measure of SAT, in Caucasians. The variants rs17817449 and rs1421085 were also associated with six measures of skin folds (suprailiac, subscapular, abdominal, medial calf, biceps, and triceps) in French Canadians from the Quebec Family Study (n = 908) (Do et al. 2008) . Few studies have examined the association of abdominal fat depots with FTO SNPs. A study in Germans (n = 1,466) used magnetic resonance (MR) imaging to measure subcutaneous and visceral abdominal fat in a subset of subjects (n = 298), and found that rs8050136 was associated with subcutaneous fat, but not with visceral fat (Haupt et al. 2008 ). However, after adjusting the results for age and gender, subcutaneous fat was no longer associated and visceral fat was trending towards association (P value of 0.05) (Haupt et al. 2008) . Additionally, Klöting et al. (2008) illustrated that FTO expression was threefold higher in SAT when compared to VAT in Europid men and women undergoing abdominal surgery for cholecystectomy or explorative laparotomy (n = 55). They also observed an inverse relationship with BMI and VAT FTO gene expression (Klöting et al. 2008) . In a study of Belgian Caucasians (n = 1,367), visceral and subcutaneous fat area were measured using CT scans, and they reported that rs1421085 was associated with subcutaneous fat area under the dominant model (Peeters et al. 2008 ). However, they did not Wnd any association with visceral fat area. These results are consistent with the results reported here, and suggest that FTO is working through a mechanism that preferentially places fat in subcutaneous depots, and not visceral depots, contributing to overall body size in Caucasians and Hispanic Americans.
Association with biometric measures of adiposity
Of the six SNPs prominent in the literature, only rs1421085, rs1121980, and rs3751812 were additionally associated with WAIST (P values ranging from 0.008 to 0.04), while rs17817449, rs8050136, and rs9939609 were trending towards association (P values ranging from 0.065 to 0.099). Association with WAIST was originally found in several European populations by Frayling et al. (2007) with the variant rs9939609. The evidence of association has also been replicated in Danish populations (Andreasen et al. 2008) , and rs17817449 and rs1421085 were associated in French Canadians (Do et al. 2008) . However, rs9939609 failed to replicate in Scandinavians (Wahlen et al. 2008 ) and rs1421085 was not associated in Belgian Caucasians (Peeters et al. 2008) . Adjusting the adiposity quantitative traits for BMI allows for the evaluation of the inXuence of FTO gene variants on fat distribution independent of overall body size. In this analysis, evidence for association with WAIST became non-signiWcant with adjustment for BMI. However, accounting for BMI eVects unmasked some evidence for association of FTO SNPs with WHR within the second and third haplotype blocks. Of the six prominent SNPs, rs17817449 and rs8050136 were modestly associated (P values of 0.034 and 0.042), while rs1421085, rs1121980, and rs3751812 were trending towards association (P values ranging from 0.064 to 0.075). These results are consistent with those found in Danish populations, where rs9939609 was not associated after BMI adjustment (Andreasen et al. 2008) . Before BMI adjustment no association was observed with FTO SNPs and WHR. However, individuals of European ancestry from the RISC study (n = 1,276) showed evidence of association with WHR and rs9939609 when adjusted for age, sex, and recruitment center (Pascoe et al. 2007) . Additionally, rs17817449 and rs1421085 were associated with WHR when adjusted for age and sex in French Canadians (Do et al. 2008) . Both of these studies diVered from our study since they did not additionally adjust obesity measures for BMI.
Glucose homeostasis phenotypes
Analysis was also performed to evaluate whether FTO variants had an eVect on glucose homeostasis traits, and some evidence of association was observed. In a recent evaluation in the IRASFS, the variant rs8050136 was not associated with glucose homeostasis measures . However, in the study reported here, other SNPs within the Wrst, second, and third LD blocks show some evidence of association before multiple comparison adjustment. Adjusting these measures for BMI reduces the evidence of association substantially in the SOLAR results and to a lesser extent in QPDT. The SOLAR results are consistent with most of the results found in other studies of European-derived populations (Andreasen et al. 2008; Do et al. 2008; Freathy et al. 2008; Pascoe et al. 2007 ). However, the lack of consistency between the two statistical methods indicates that there may be some modest inXuence on quantitative measures of glucose homeostasis. Other studies have also shown mixed results for association with glucose homeostasis measures. For example, in extremely obese Swedish children (n = 450), it was observed that rs9939609 was associated with S I and trending towards association with AIR when adjusted for signiWcant covariates (i.e. age and BMI standard deviation score) . These measures were calculated using the Bergman minimal model from FSIGT measures . After stratifying the population by gender, only the males (n = 218) showed evidence of association with S I . Overall, the results from the present study indicate that association with glucose homeostasis measures in Hispanic Americans seem to be mediated through adiposity eVects, since adjusting for BMI generally causes the evidence for association with these measures to become non-signiWcant.
An interesting observation from the glucose homeostasis traits was seen after BMI adjustment, where SNPs within the Wrst and second LD blocks at the 5Ј end of intron 1 are trending or associated with DI and AIR (P values ranging from 0.009 to 0.078). So far, no other studies have evaluated the eVect of FTO SNPs on DI.
African Americans
Analysis of FTO intron 1 SNPs was also completed in the African American cohort of the IRASFS. The LD structure and minor allele frequencies in the African Americans (14-49%) were comparable to those found in the YRI from HapMap (5-48%). As expected, the LD structure found in African Americans diVered from the Hispanic Americans, containing only two haplotype blocks. LD pattern diVerences between the cohorts could be caused by the low number of unrelated individuals used in the analysis of the African Americans or diVerences in minor allele frequency between the populations.
Adiposity phenotypes
In the African Americans, genotypic association analysis illustrated that rs8050136 and rs9939609 were associated with BMI (P values of 0.011 and 0.014), WAIST (P values of 0.017 and 0.034), and SAT (P values of 0.038 and 0.058). None of the other SNPs prominent in the literature were associated with these measures of adiposity, which may be due to the diVerences in genetic structure within the African American population when compared to Caucasians and Hispanic Americans. It could also be due to a smaller sample size (n = 604), which could reduce power to detect associations. Only two other studies have assessed the role of FTO variants on obesity and obesity measures in African Americans. One study compared obese children (n = 578) to control children (n = 1,424) and found a positive association with rs3751812 and risk of childhood obesity (Grant et al. 2008 ). However, Scuteri et al. (2007) illustrated that rs1421085 and rs3751812 in African Americans of the GenNet study (n = 1,101) were not associated with BMI, hip circumference, or weight. This could be due to lower minor allele frequencies or smaller eVect sizes of variants in the GenNet African Americans when compared to the Hispanic and European Americans of the GenNet study (Scuteri et al. 2007 ). These results are consistent with our study, where the lack of association for rs1421085 and rs3751812 in IRASFS may be caused by lower minor allele frequencies in the African Americans (14%) when compared to IRASFS Hispanic Americans (20%) and other Caucasian cohorts (39-49%) (Dina et al. 2007; Frayling et al. 2007; Scott et al. 2007; Scuteri et al. 2007; Zeggini et al. 2007 ).
There has also been mixed success in replication of FTO variants with obesity measures in other ethnicities (Al-Attar et al. 2008; Horikoshi et al. 2007; Hotta et al. 2008; Li et al. 2008; Ohashi et al. 2007; Omori et al. 2008) , similar to that found in the African Americans of the IRASFS. This could be due to diVerences in allele frequencies within these populations when compared to Caucasians. For example, in Chinese Hans (n = 3,210) investigators could not Wnd evidence of association of rs8050136 and rs9939609 with BMI and WAIST . The minor allele frequency for rs9939609 and rs8050136 (12 and 20%) in this population are much lower when compared to the frequencies observed in Caucasians (45-48%) .
Glucose homeostasis phenotypes
To our knowledge, no other studies have assessed whether FTO SNPs aVect sophisticated measures of glucose homeostasis (i.e. SI, AIR, DI) in other ethnicities. Genotypic association in the African Americans of the IRASFS illustrated several SNPs (including rs9939609) at the 3Ј end of FTO intron 1 that were marginally associated with DI (P values ranging from 0.016 to 0.049).
Limitations
Although we were able to successfully replicate the association of FTO variants in intron 1 with adiposity phenotypes in the Hispanic Americans of the IRASFS, we were unable to see consistent association with previously associated SNPs in the African Americans. This limited evidence of association may reXect lack of power in our African American cohort; however, it could also be due to diVerences in allele frequency. It may also be due to small eVect size, as seen for the variants rs1421085 and rs3751812 in African Americans of the GenNet study, with a decrease in BMI of only 0.062 and 0.023 standard deviations for these two variants (Scuteri et al. 2007) . After performing power calculations based on the eVect sizes calculated by Scuteri et al. (2007) , we have illustrated that we have 2% power to detect a 0.05 change in standard deviation given 10% allele frequency. Thus, the association results for the IRASFS African Americans should be interpreted with caution and will most likely provide useful information for future metaanalysis eVorts.
This study has performed a detailed association analysis with FTO intron 1 variants, and therefore necessitates the correction for multiple testing. Since both the variants and adiposity and glucose homeostasis phenotypes are correlated, the Bonferroni correction is too highly conservative. Hypothesis-speciWc multiple comparisons adjustments were employed in this study based on estimation via principal component analysis of the number of independent dimensions of the hypothesis and subsequent Bonferroni adjustment. The non-a priori associated SNPs did not meet this threshold and were no longer statistically signiWcantly associated with measures of SAT, WHR, and the glucose homeostasis traits. However, the historically associated SNPs seen in mainly European-derived Caucasian populations replicated in the IRASFS Hispanic Americans.
It has been suggested that using family data decreases power to detect true associations (Teng and Risch 1999; Visscher et al. 2008) . However, there are several advantages of using family data including in family quality control measures (i.e. minimizing genotype errors via PedCheck) and performing association analyses robust to population stratiWcation (Visscher et al. 2008; Laird and Lange 2006; Benyamin et al. 2009 ).
In summary, the results found in this study are consistent with the literature, supporting that variants within FTO predispose individuals to obesity by increasing fat mass in the Hispanic Americans of the IRASFS. Additional studies should be completed to validate the association observed with rs8050136 and rs9939609 and obesity measures in African Americans.
